Introduction
Sebaceous carcinoma (SC) accounts for 1.3-4.7% of malignant eyelid tumors in the United States [1] [2] [3] . Clinical diagnosis can be challenging due to its ability to mimic other common processes including chalazion and blepharitis. In addition to forming subepithelial masses in the lid, these tumors often exhibit intraepithelial spread in the skin or conjunctiva, with isolated cells extending far from the main tumor, sometimes with only minimal disruption of the epithelial architecture. Determining the extent of intraepithelial spread can be difficult, particularly in mapping biopsies or at the margins of larger resections. The goal of this study was to evaluate p53 and p16 as potential immunohistochemical markers of periocular SC by examining their expression in both subepithelial and intraepithelial tumors.
Methods
Specimens were retrieved from the Surgical Pathology and Ophthalmic Pathology Archives of The Johns Hopkins Hospital, Baltimore, Md., USA. Representative SC cases were obtained from 21 patients operated on from 1985 to 2012, including 4 patients with both original and recurrent tumor. Three consecutive conjunctival intraepithelial neoplasia cases from 2015 were also analyzed. Immunohistochemical analysis was performed in the clini-cal laboratory using 5-μm sections. A Leica Bond Max autostainer (Leica Microsystem, Bannockburn, Ill., USA) was used for p16 (Cintec, 1 μg/ml) and a Ventana XT autostainer (Ventana Medical Systems, Tucson, Ariz., USA) for p53 (Ventana Medical Systems, 2.5 μg/ml). Specimens were scored as having no (0), weak (1), moderate (2) or strong (3) immunoreactivity in >50% of tumor cells.
Results
The 21 patients with periocular SC included 7 males and 14 females, ranging in age from 27 to 88 years (mean age: 72); 18 of the patients were Caucasian, 2 were Asian, and 1 was Black. All of the cases represented moderately to poorly differentiated tumors, with a few showing small clusters of better differentiated cells. In general, p16 protein was detected in both the cytoplasm and the nucleus of tumor cells, with relatively little immunoreactivity noted in nonneoplastic stromal elements. p53 was predominantly nuclear and was also largely restricted to tumor cells. The intensity of staining for both proteins was relatively constant in all neoplastic cells for a given case within subepithelial or intraepithelial sites and was not associated with differentiation status. Examples of various staining levels are shown in figure 1 , and the immunohistochemical findings for each case are reported in table 1 .
Expression of p16 protein was examined in a total of 23 subepithelial SC, with 100% of these staining, including 22 with moderate to strong expression and only 1 showing weak immunoreactivity. An example of strong subepithelial p16 staining is shown in figure 1 b, while weak staining is present in figure 1 e. Of the 4 patients for whom primary and recurrent lesions were available, p16 expression remained strong or moderate in both lesions.
We also examined p53, but in cases No. 3-5 and 15, the subepithelial tumor was no longer present when this analysis was performed. Of the 19 lesions successfully evaluated, 12 (63%) showed moderate or strong immunoreactivity, 2 (11%) weak immunoreactivity and 5 (26%) no immunoreactivity.
We next sought to determine if these markers would also highlight spreading tumor cells by examining intraepithelial disease in the cases discussed above, as well as an additional 2 tumors for which no subepithelial mass was identified. p16 expression was detected in intraepithelial tumor cells in 24 of the 25 cases (96%), with only 1 case showing weak immunoreactivity. Intraepithelial p53 was present in 17 of 25 tumors (68%), but was weak in 3 cases. As was true in the subepithelial neoplasm, intraepithelial expression of both p16 and p53 was similar or identical in primary and recurrent lesions and not associated with differentiation. However, while the expression remained stable over time, it did occasionally vary between the intraepithelial and subepithelial sites. No p16 was detected in intraepithelial tumor cells in case No. 16, while moderate staining was seen in the subepithelial lesion. For p53, case No. 12 showed weak staining in the main tumor mass but no immunoreactivity in the in- 1  2  2  3  3  2  3  3  3  3  3  2  2  1  NTA  4  3  3  2  NTA  5  3  3  3  NTA  5   1   2  2  3  3  6  3  3  3  3  7  3  3 traepithelial disease, while the reverse was true in case No. 13. Scattered cases also showed changes from weak to moderate, or moderate to strong, between sites for both p16 and p53. We additionally examined 3 consecutive cases of conjunctival intraepithelial neoplasia, including 1 which contained a focus of carcinoma in situ, as these can sometimes be difficult to distinguish from SC. In all 3 cases (100%), p53 and p16 showed strong immunoreactivity.
Discussion
We identified p16 and p53 as relatively robust markers of periocular SC, which can be used to facilitate the identification of tumor cells in the epithelium. While both were expressed in the majority of cases, approximately one quarter did not express p53 within intraepithelial tumor cells, and a single intraepithelial lesion was negative for p16. Our findings are largely concordant with prior publications, although earlier studies were smaller and did not specifically examine or report on intraepithelial tumor cells. With respect to p53, immunoreactivity has been reported in 8/15 SC cases (53%) [4] , 17/17 cases (100%) [5] , 22/42 cases (52%) [6] , 4/10 cases (40%) [7] and 4/8 cases (50%) [8] . The combined incidence of p53 expression in these prior studies (55/92; 60%) is relatively similar to the 63% with moderate or strong immunoreactivity which we identified in the main tumor masses.
With respect to p16, Kim et al. [7] examined 43 cases of eyelid SC and found high expression of p16 in 34 cases (79%), with little expression in normal sebaceous glands. Another group reported overexpression of this protein in 10 of 14 cases (71%) and noted that this was higher than in other types of eyelid tumors [9] . In contrast, Liau et al. [10] found diffuse and strong p16 expression in only 1 of 24 periocular carcinoma cases (4%). They do not show an example of what they considered positive or negative p16 immunostaining, and it is unclear why the results of this group differ from ours and those listed above, although the fact that they score only nuclear protein may have played a role.
Several of these groups also addressed the potential cause of p53 and p16 expression in SC. Kiyosaki et al. [4] in Japan reported inactivating p53 mutations in 10 of 15 cases. A study in the United States found p53 mutations in 50% of 14 cases examined [11] . Although nuclear overexpression is not entirely specific to p53 mutations, intense nuclear immunoreactivity does correlate with signaling pathway dysregulation [12] . In carcinomas at other sites, p16 expression is often used as a surrogate marker of human papilloma virus (HPV) infection. However, no HPV was detected in SC in the two studies which sought to correlate it with p16 immunoreactivity [9, 10] .
Other malignancies or precancerous lesions in this region, such as conjunctival intraepithelial neoplasia, have also been shown to be immunoreacitive for these markers. Auw-Haedrich et al. [13] reported significantly increased expression of p16 and Ki67 in 100% of 12 cases of conjunctival intraepithelial neoplasia, without correlation to differentiation grade or HPV infection. Another group examined both p16 and p53 immunoreactivity in 13 consecutive patients with conjunctival squamous cell carcinoma and found that all were positive for both of these markers [14] . Finally, we examined p16 and p53 in 3 consecutive conjunctival dysplasia and carcinoma in situ cases, all of which showed strong nuclear reactivity for p53 and both strong nuclear and cytoplasmic reactivity for p16. These combined data suggest that neither p16 nor p53 can be used to distinguish SC from other conjunctival carcinomas.
In summary, our data suggest that p16 and p53 immunohistochemistry can be useful in highlighting intraepithelial SC, but if only one stain can be ordered, p16 will be more effective; however, while searching for intraepithelial SC cells when the expression status of the primary lesion is not known, using a combination of both p53 and p16 gives the greatest chance of highlighting neoplastic cells. It should be emphasized that malignancies in the eyelid other than SC can express p16 and p53, and it is not thought that they can clearly discriminate sebaceous tumors from other neoplasms at this site [13, 14] . In addition, both p53 and p16 expression can sometimes be seen in nonneoplastic cells, necessitating the correlation of immunoreactivity with enlarged, pleomorphic nuclei and/ or vacuolated cytoplasm before determining that the stains are highlighting SC. Nevertheless, in our experience, these stains can be quite helpful in the evaluation of SC spread around the eye.
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